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Abstract. We are witnessing a growing aging population who wishes to live 
independently. In a driving context, the elderly want to maintain an active life-
style, but they may suffer from impairments due to aging. New intelligent 
transportation systems can be beneficial for drivers to assist them with driving. 
Hence, new intelligent technologies have to be accepted and have to persuade 
the driver of adopting safer driving behaviours. In this paper, we present a per-
suasive driving feedback for elderly drivers. The feedback objectives are to 
evaluate the drivers’ perception of the driving fatigue and to compare it with 
their driving behaviour. Our first results from an exploratory field experiment 
with twenty elderly drivers support the use of the feedback with that category of 
drivers relative to fatigue perception. The originality of this paper is to enable 
progress in the area of persuasive technologies applied to road safety and for el-
der people. 
Keywords: Elderly drivers, Persuasive Technology, Feedback, Contextual in-
formation, Road safety 
1 Introduction 
Aging is a growing phenomenon in almost all countries of the world. The percent-
age of people of 65 and older will more than double between 2010 and 2050 [1]. El-
der people want to continue to drive to maintain their independence, even more so for 
elderly drivers living in rural or remote areas. Mobility is fundamental to them be-
cause it allows them to maintain an active aging. Thus, it is in the best interest of so-
cieties to maintain elderly adults driving as long as they can safely do so. In the last 
decade, there has been much attention given to technologies focusing on elderly driv-
ers’ mobility [2]. Indeed, the development of transport technologies can address their 
mobility need by allowing them to use safely their personal car as long as possible. 
For the past few years, there has been a growing interest in intelligent vehicles. A 
notable initiative on intelligent vehicles was created by the U.S. Department of 
Transportation with the mission of preventing highway crashes [3]. 
Technologies can be useful as countermeasures to driving fatigue among elderly 
drivers, as long as they induce behaviour changes. Persuasive technologies have this 
feature. The association of persuasion strategies to technology is essential because 
persuasive technologies can help changing user’s behaviour. To do so, it is essential 
to take into account the characteristics of elderly people and to educate them on how 
to use technology and when [2]. However, in the road safety scientific literature, there 
is a lack of knowledge about persuasive technology applied to elderly drivers.  
Therefore, this paper presents a persuasive system that was designed for helping 
elderly drivers to manage their fatigue at the wheel. The paper is structured as follow. 
Section 2 presents an overview of persuasive technologies, in light of elderly drivers 
and driving self-regulation. In Section 3, we present our methodology to design the 
persuasive system. Section 4 reports our first results. Finally, Section 5 concludes 
with the limits of this exploratory study and suggestions for future research in that 
field. 
2 Related works 
2.1 Persuasive technologies 
In [4], Fogg defines persuasion as “an attempt to change attitudes or behaviours or 
both (without using coercion or deception)” (p. 16). The aims of persuasive technolo-
gies are to induce attitude change and behavioural outcomes. Changing these out-
comes is central (e.g. reinforce attitudes, act of complying, etc.). And the concept of 
motivational affordance (motivation to use the system) is affiliated with psychological 
outcomes and target behaviours. All persuasive technologies focus on these final ef-
fects. The results can be positive (partially or fully), negative or with no effect [5].  
Oinas-Kukkonen and Harjumaa [6] define the context analysis as the grouping of 
the persuasion’s intent, the understanding of the persuasion event and the definition or 
recognition in the use of ongoing strategies. First, persuasive technology involves a 
voluntary change by the user of his/her behaviours [4]. Indeed, persuasive systems 
have to influence, motivate or convince the user to take action. Besides the intent, the 
event of persuasion and the strategy have to be considered for the design and the use 
of a persuasive technology. The event concerns the usage and the user of the persua-
sive system. First, the usage (or the context of use) refers to the problem domains’ 
attributes (for instance, promotion of health or ecological consumption). Then, an 
analysis of the user is also important. Indeed, there are individual differences between 
people on how to interpret information. For instance, there are differences in cogni-
tive processes between younger and elder people. These differences have an impact 
on the persuasion strategy which is defined as the message and how it is delivered [5] 
[6]. Once the context analysis has been determined, the next phase is to design the 
persuasive system. To do so, the information content and the software functionalities 
need to be understood to design and evaluate the software system persuasiveness.  
2.2 Existing persuasive technologies in the automotive context 
During the last 30 years, there has been growing progresses in the domain of in-
vehicle technologies. These technologies are likely to have used persuasive strategies. 
The best-known persuasive technologies in automotive context are eco-driving tech-
nologies [7] [8]. In 2015, persuasive technologies have been designed in order to im-
prove users’ safe driving behaviours and their motivation. There are two basic work-
ings. The first one is to give real-time feedback to a current individual driving behav-
iour, for instance such as recommendations. The second basic working is to accumu-
late information about a driver behaviours and to give an accumulated feedback to the 
driver [7].  
The most prevalent persuasive systems in automotive context are in-car interfaces 
and mobile systems, like smartphone applications [7] [9]. Persuasive systems inte-
grated in a vehicle give real-time feedback with optical advices (for instance, a bar 
chart or pictograms can appear on the dashboard to give a driving behaviour feed-
back). The inconvenience of in-car technologies is that it is not installed in many cars, 
even though in the next few years, we expect they will be increasing. As for persua-
sive mobile systems, several applications have been developed to give driving feed-
back to the user after the driving. The example presented by Schätzl [7] was an appli-
cation which gives information about speed curve over time and abrupt accelerations 
and decelerations. The disadvantages of using mobile app is that it has to be down-
loaded, or to be manually started before each driving session and it can be used only 
with a compatible smartphone [9]. 
Nevertheless, persuasive technologies affect the driving behaviour and have a posi-
tive influence, for instance on the fuel consumption [7]. Persuasive technologies can 
promote driver behaviour and improve road safety, provided that the persuasive tech-
nologies address appropriately the drivers’ characteristics and are well-accepted by 
them [9]. Indeed, acceptance of technology is necessary, in order to avoid rejection by 
the user [8]. But technologies could also improve the quality of life by overcoming 
age-related deficits [10].  
In sum, persuasive technologies can not only improve driving safety, save re-
sources, protect the environment but they can also improve the quality of life of elder-
ly drivers by overcoming age-related deficits. 
2.3 Elderly drivers  
Elders have specific driving characteristics. They are prudent, drive at low speed 
and respect the traffic laws and their driving style is low risk taking [11]. Their main 
causes of accidents are errors which are defined as judgment and observation failures 
dangerous to other drivers [12]. When driving, a lot of information is asked from the 
driver in a time constraint (for instance: changing direction, insertion in traffic, inter-
section, etc.). Elderly drivers have difficulties to manage the unexpected and acci-
dents happen when they are making decisions under this time constraint [12].  
Drivers have to respond rapidly to risks, which requires good abilities like atten-
tion, perception, motor abilities, information treatment, etc. With aging, some physio-
logical impairments appear and have negative impacts on driving skills [13]. The 
cognitive skills are affected and lead to a longer reaction time, a diminution of atten-
tion, and a shorter memory [14]. Physical abilities are worsening with a deterioration 
of psychomotor skills, development of arthritis, which causes neck problems, or also 
the vulnerability of the body [10]. And sensory functions decline with a diminution of 
visual acuity, diminution of hearing or even, perceptual ability [14] [15]. These im-
pairments are common among the elderly with normal aging. In addition, there is an 
increase of diseases, associated with medication in-take and a higher risk of accidents. 
Medication alters the driving skills and reduces sensorimotor performance (for exam-
ple: decreased alertness, impaired vision, etc.) [10]. Therefore, some authors propose 
license restrictions to manage elderly drivers’ safety [16], even though empirical re-
search has clearly showed that driving cessation had adverse negative consequences 
[10] [15] [17] as it is a stressful experience having a negative impact on their quality 
of life. 
2.4  Driving fatigue self-regulation 
Fatigue is one cause of elders’ accidents. Fatigue refers to a transitional state be-
tween wakefulness and sleep leading to sleep if it isn’t interrupted [18]. Different 
models and theories have been proposed in order to explain the safe and risky behav-
iour of elderly drivers. Among them, a multifactorial model by Anstey and her col-
leagues [14] suggests that both self-monitoring beliefs about one’s driving capacity 
and one’s real capacity to drive safely are predictors of driving behaviour. Self-
monitoring is determined by cognition, whereas the capacity to drive safely is deter-
mined by the sensorial, physical and cognitive variables. For instance, the driver 
whose capacity to drive safely is reduced due to a visual deficit, while at the same 
time his or her beliefs about the capacity to drive match his or her real capacities, then 
the driver is susceptible to self-regulate and drive safely. However, if that same driver 
is unaware of the deficit, decides to ignore it or overestimates his or her visual capaci-
ties, that driver is susceptible to have unsafe driving behaviours. 
Research has shown that elderly drivers, like other groups of drivers, continue to 
drive even though they are drowsy or nodding off [19]. Furthermore, drowsy or fa-
tigued drivers use different strategies in order to keep awake, such as opening the 
window, putting on the radio, talking to passengers, stopping to eat, to exercise or to 
relax, without napping or sleeping. Yet, these strategies are the least efficient ones in 
order to counter fatigue at the wheel, while the most efficient strategies, such as stop-
ping to nap or sleep or asking a passenger to drive, are generally avoided even though 
drivers know they are the efficient ones [20-21]. 
Persuasive technologies can be applied to feedback concerning specific driving be-
haviours, for instance, those relative to fatigue, and for a category of persons, such as 
elder people.  
2.5 The applicability of a design persuasive method through a real driving 
feedback 
The design method we chose to apply to the development of a real driving feed-
back is the Persuasive Systems Design (PSD) Process Model, proposed by Oinas-
Kukkonen and Harjumaa [6]. The advantages of this methodology are its usefulness 
to study feedback with users in real-life contexts and its applicability to on-road situa-
tions.  
Oinas-Kukkonen and Harjumaa have established a set of design principles that 
have been classified in four categories adapted partially from Fogg’s work [4] [6]. 
They are primary task, dialogue, system credibility, and social support. For each of 
them, Oinas-Kukkonen and Harjumaa give the design principles, the requirements 
and offer implementation examples. Primary task is defined by the authors as “the 
carrying out of the user's primary task”. For instance, the design-principle self-
monitoring in the automotive context would be that the system should provide a feed-
back of the driving performance (speed, braking, vigilance, etc.). The users can track 
their performance or status, through a tool (in-car interface or mobile phone applica-
tion), to improve decision making. 
Dialogue is the user’s feedback, via verbal-information or other kinds of summar-
ies to support and help the users to move closer to their target behaviour. An example 
of the application of the praise principle to an elderly driver would be an image or 
some words to motivate the person to adopt a better driving style. The other goal 
could be to increase safe driving for the driver and the community (i.e. other drivers).  
As for the system credibility, it allows designing a system that could be more con-
vincing for the users. For example, the fact that feedback can be transmitted to the 
point of view of some authorities, such as a government transport ministry, could 
have more persuasive power.  
The fourth category, social support is about designing a system that will motivate 
the users by leveraging social influence. An example of the social learning principle 
applied to feedback for elderly drivers is a shared event log for encouraging good 
behaviours.  
3 Methodology 
In our study, the intent is to persuade the elderly driver to manage appropriately 
his/her fatigue on his/her subsequent conduct of the vehicle. We did a pilot study to 
evaluate the perception of the driving fatigue with elderly drivers and compared it 
with their driving behaviour. To do this, we did experimental work and we measured 
perceived fatigue, speed, sleep habits, etc. During the experimentation, each partici-
pant drove around 50 kilometers on a closed driving circuit with the LiSA car (in 
French: Laboratoire intelligent de Sécurité Automobile. In English: Intelligent Labor-
atory on Automobile Safety) (Fig. 1). Participants were asked to respect a 60 kilome-
ters/hour limit. 
For the event, we took into account the driving context and the driver. In the con-
text of our research, we used an instrumented vehicle, the LiSA, a Nissan Versa 2008. 
The car is equipped with a data logger AIM Evo4 which can collect data on speed, 
steering wheel movements, acceleration, braking, 3-axis acceleration and GPS loca-
tion from the car embedded computer. LiSA also includes an eye tracking faceLAB 
5.0 system, a Microsoft Kinect (with a head tracking software [22]) camera and sev-
eral other cameras to monitor the driver. Finally, all the data are recorded by a com-
puter installed on-board. Thus, LiSA is able to collect a wide range of contextual 
information. 
 
Figure 1: The LiSA instrumented vehicle 
To complete the contextual information on the user profile, questionnaires were 
filled before, during and after the experimentation to collect sociodemographic varia-
bles, such as age, gender, driving experience, opinions toward safe driving, etc. 
Moreover, in the context of our experiment, we collected the driver’s level of per-
ceived fatigue by using a scale ranging from ‘0’ not at all fatigued to ‘10’ very much 
fatigued at four times during the experimental session. Each participant was asked his 
or her level of fatigue just before starting driving (Time 1), after 15 minutes of driving 
once the experiment had started (Time 2), after 30 minutes (Time 3), and when the 
driving experiment ended (around 45 minutes) (Time 4). The focus of the experiment 
was to measure the level of perceived fatigue, not the physiological level of fatigue. A 
45-minutes driving task on a monotony road low (e.g., 60km/h) has been found to 
induce fatigue in prior laboratory experiments [18] and a field experiment pretest. The 
pretest shows a significant increase in the assessed fatigue level for the majority of the 
participants, without reaching a hazardous level. 
Finally, in the present study, the data analysis strategies adopted was the use of a 
tool with data mining and statistical evaluation algorithms. For example, one algo-
rithm transforms the data on the most common measure by aggregating the data from 
sensors with an higher sensing frequency by computing the average values [23]. We 
also use a quasi-monotonic segmentation algorithm [24] to reduce the noise and com-
pute the relevant acceleration and deceleration behaviours of the participants. We 
used it to allow an easy visualization of the data collected. This tool was used first to 
test algorithms offline and to stock the contextual information collected for each par-
ticipant. We applied this tool to all data collected from the field experiment. The tool 
enabled us to visualize the collected data with graphs and maps. It then proposed a 
feedback solution to promote awareness of the fatigue impact on driving (particularly 
speed) and bring the drivers to better manage their fatigue and, ultimately, change 
their driving behaviours accordingly. 
For designing the feedback, we selected the most suitable persuasive design princi-
ples from Persuasive Systems Design (PSD) Process Model [6]. Following an analy-
sis of the persuasion context, in terms of intent, event and strategy, systems qualities 
were applied to the design of the feedback (Fig. 2). We explain each of them in the 
next page.  
Figure 2: Phases adapted from PSD Process Model 
The goal of this intervention was to provide participants with information on their 
driving style relative to fatigue. The feedback consisted of three pages. The first one 
showed illustrations, in the form of readily understandable pictograms and graphs. 
The second page gave a written description of the driving experiment and definitions 
(in order to facilitate understanding of terms that could be perceived too technical) 
and a short summary for those who were less interested in too detailed explanations. 
Finally, in the third page, different sections explained in more detail the first page’s 
illustrations, including one section comparing the driver data to scientific research in 
the field. These sections may be viewed as a kind of dialogue with the driver. We 
included praise, for those who had identified well their fatigue, and suggestions, for 
those who perceived it less well. For praise, words were used to provide personal 
feedback information based on the user good driving behaviours. And for the sugges-
tions, the feedback proposed different comparison between the speed limit and driv-
er’s speed, between perceived fatigue and driver’s speed, etc. 
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A fictitious example of the first page with illustrations is presented in Figure 3. 
Figure 3: Fictitious example of the feedback first page for one participant 
In this example, at the top left, there are pictograms depicting participant gender, 
driving time, kilometers travelled, mean speed and type of activity. Because of the 
exploratory nature of the study we selected different pictograms in order to verify 
which ones were evaluated as most useful and easily understandable. The content of 
the information was tailored according to the context in which the experimental driv-
ing was done and in line with the interests of elder people. And each feedback is per-
sonalized depending on the driving behaviour. 
At the center of the example, the graph depicts the participant speed during the 45-
minute experiment and the graph on the far right, the perceived level of fatigue of the 
participant and his or her the reference age group at four moments during the driving 
period. These curves allowed a better fit to the reality of the driver experience, for 
system credibility. Because objectives information from real-world context is provid-
ed obtained through data coming from sensors into the instrumented vehicle and ques-
tionnaires, the tool can be viewed as trustworthy and without bias. 
The table at the bottom of the page indicates mean speed and standard deviation 
every 15 minutes, for the participant and for the reference age group allowing social 
comparison and some form of social support. Each elder person can compare his/her 
driving performance with his/her age group’s reference, mainly for speed and fatigue. 
After the design of our feedback, we tested it with elderly drivers. 
4 First Results 
Twenty older drivers participated in the experiment and received the feedback. Be-
cause two of them were unreachable for the phone interview, the results presented 
here are for the eighteen participants who completed the whole experiment. The mean 
age was 66,7 years old (SD = 6,43). All participants had a valid driver’s license and 
they declared a satisfactory medical condition during the phone recruitment. To com-
plete the self-declared medical condition and before the driving, each participant did a 
screening test, the Useful Field of View (UFOV) test. This test is designed for people 
aged 55 and older and is recommended as a control measure for the ability to drive 
[25]. During the experiment, the measures taken were perceived fatigue, speed, etc. 
Each participant drove around 50 kilometers on a close driving circuit with the LiSA 
car. At the end, we offered each participant his/her driving feedback. As the tool was 
offline, feedback was given either in electronic format or in paper format if the person 
had no access to internet. The 18 participants received a financial compensation of 30 
$ and 10 $ CAN respectively for their participation in the driving experiment and 
phone interview. 
After a few weeks, participants were contacted by phone to answer a phone inter-
view. Nine questions dealt with the design of the feedback and ten with the partici-
pants driving performance and the impact of the feedback received about the driving. 
Initially, we wanted to know if the participants were satisfied with the information 
received through the feedback if the information met their expectations and if they 
had taken the time to read all the information received. Secondly, it seemed important 
to check whether the feedback received corresponded to what they remembered and 
had retained from the experience (e.g. speed, perceived fatigue, etc.) Thirdly, we 
wanted to know if they found the feedback useful and if it had had an impact on their 
subsequent driving and management of driving fatigue. The results are presented 
under the following categories: 1) satisfaction, expectations, information and memory 
and 2) usefulness of the information received and changes in behaviour. 
About satisfaction, expectations, information and memory, the vast majority of 
participants said they were satisfied or very satisfied with the information received 
(88.2%) and over half of the participants (58.8%) indicated that the information met 
their expectations. Three in four participants (75 %) found that the speed curve, 
shown in the graph, corresponded to their memory, and almost all (88%) found that 
the figure showing fatigue perceived during the experiment represented what they had 
felt (Table 1). 
Table 1 – Mean and Standard Deviation (SD) for satisfaction, expectations, information and 
memory 
 
Satisfaction Expectations Information Memories 
Speed 
curves 
Fatigue 
curves 
Mean 4,35 / 5 3,64 / 5 9,11 / 10 4,35 / 5 4,29 / 5 
SD 0,86 0,93 0,92 0,86 0,84 
Relative to the usefulness of the information received and behaviour changes, the 
comparison with the reference age group was considered useful by all participants and 
the general impression of feedback, content and graphic presentation was very posi-
tive. Despite the positive impression left by the feedback, only about one in two 
(52.9%) said that it had an impact on their driving afterwards and 70% of participants 
said that it would have an impact in the future. Three out of five (64,7%) believed that 
this feedback would foster better management of their fatigue in the future (Table 2).  
Table 2 – Mean and Standard Deviation (SD) for usefulness of the information received and 
behaviour changes 
 
Usefulness of 
the information 
Behaviour change 
Impact on 
the driving 
afterwards 
Impact on 
the driving in 
the future 
Impact on 
their fatigue 
management 
Mean 4,58 / 5 2,47 / 5 2,64 / 5 2,94 / 5 
SD 0,50 1,41 1,32 1,29 
About the feedback design, fourteen participants said they read the feedback and 
found it very useful, relevant and understandable. Finally, as for the other feedback 
elements, which one they most and least liked. the fatigue curve was the most liked 
and the least liked was the pictograms.  
5 Discussion and conclusion 
Overall, persuasive technology in automotive context promotes safety for drivers. 
With the aging, elder people are more concerned about driving fatigue on the wheel. 
Persuasive technologies appear as a solution to help them to improve their behaviour 
and drive safely. We proposed in this paper the results of an exploratory study of a 
persuasive technology designed for elderly drivers, in the form of feedback. The goal 
of the feedback was to promote awareness of the fatigue impact on driving (particu-
larly speed) and bring the drivers to better manage their fatigue and, ultimately, driv-
ing behaviours. We tested it with 20 elderly drivers after an experimentation of 45 
minutes driving time. 18 elder persons answered a phone interview about the satisfac-
tion, expectations, information and memories and about the usefulness of the infor-
mation received and changes in behaviour. The preliminary results are encouraging. 
The feedback as conceived for elderly drivers was well received and was considered 
useful. 70 % of participant said that the feedback would have an impact on their driv-
ing behaviour in the future. The design of persuasive feedbacks for elderly drivers 
seems promising. as our results suggest that some elderly drivers appreciate receiving 
constructive information on their driving. 
However, further works are needed. Firstly, we proposed the feedback between one 
and two months after the driving session, and the interview took place several weeks 
after the feedback was given. It would be important, in a future study to verify, if 
feedback given to elderly drivers on their driving has inducing real changes in their 
driving behaviours and/or in their attitude toward driving fatigue. In addition, in our 
current experiment, the number of participants was relatively small. It would be im-
portant in future research to increase the number of elder participant substantially. 
Secondly, the feedback design for elderly should be further improved. For exam-
ple, some of our participants suggested an improvement could be done by increasing 
the size of curves in the illustrations. They didn’t see well due to vision problems. 
Others proposed different colors than those we had used like a darker green color to 
accentuate contrasts. So, the design has to be considered because it might play a role 
in persuading. 
Furthermore, it would be interesting to expand and test feedback which would in-
clude other real-world information, such as physiological data (blinking movement, 
heartbeat, etc.) or the environmental context (weather, traffic, etc.). Some driving 
behaviours due to fatigue are associated with environmental context, for instance, 
monotony road or night condition. The objective would be to increase context aware-
ness and induce more behavioural changes among elderly drivers when fatigued at the 
wheel, using efficient persuasive tools designed specifically for that category of driv-
ers. 
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